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c NATIONAL ADVISOKP COMMITlEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FLIGHT MEAS- W I T B  THE DOUGLAS D-558-11 

(BUAERO NO. 37974) RESEARCH AllipLApIE 

MEASUREMENTS OF THE DISTRIBUTION OF ?HE AERODYNAMIC 

LOAD AMONG 7 3 3  WING, FUSELAGE, AND HORIZONTAL 

TAIL AT MACH ITUMBR3 U p  TO 0.87 

By John P . m e r  and George M. Valentine 

SUMMARY 

Flight measurements of the a e r o m c  wing and t a i l  loads have 
* been made on the Douglas D-59-11 airplane from which the  dis t r ibut ion 

of the aerodynamic load among the w i n g ,  fuselage, and hor izonta l   t a i l  
has been  determined a t  Mach nunibers  up t o  0.87. - 

These measurements indicate that, f o r  normal-force coefficients 
less  than 0.7, the  distribution of  air load smong the  airplane com- 
ponents does not change appreciably  with Mach number at Mach nmbers 
up t o  0.87. 

The raeasurements also  indicate that, for  a l l  flight configurations, 
the  increase  in  airplane  normal-force  coefficient above the  angle  of 
a t t a c k   a t  which the w i n g  reaches i t s  maximum normal-force coefficient 
i s  due principally t o  the  contribution of the f’uelage t o  the  airplane 
normal-force coefficient.  

INTRODUCTION 

AEI a portion of .%he cooperative NACA-Navy Transonic  Flight-,Research 
Program the NACA is  ut i l iz ing  the Douglas D-558-11 research  airplanes 

Station.  Pkesented i n  t h i s  paper i s  the  dis t r ibut ion of  the aerodynamic 
load among the wing, fuselage, and horizontal t a i l  of  the  airplane in 

a for   f l ight   invest igat ions  a t   the  NACA High-speed Flight Pesearch 

- the Mach  nuniber range from 0.37 t o  0.87. The data presented were 
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determined from strain-gage measurements of w i n g  and t a i l  loads made 
dur ing  stall  approaches and i n  gradual   turns   to   the  lef t  and r i g h t   a t  
a l t i tudes from 10,000 f e e t   t o  25,000 fee t .  . .  

Results on other aerodynamic characterist ics of the D-558-11 a i r -  
plane have been presented i n  references 1 t o  5. 

a 

C 
NA 

NF 
C 

velocity of sound, feet   per second 

airplane normal-force coefficient (2) 
fuselage component normal-force coefficient 

(CNA - (‘Nw ‘NT)) 

tai l  component normal-force coefficient (2) 
wing  component normal-force coefficient ($1 
slat  position,  inches open 

t o t a l  aerodynamic horiz.ontal t a i l  load, pounds 

t o t a l  aerodynamic  wing load, pounds 

free-stream Mach  number (3 
airplane normal load  factor 

dynamic pressure, pounds per square foot 

wing area,  square f ee t  

h rree-stream  velocity,  feet  per second 

,. airplane  groas weight, pounds 
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P mass density of  air, slugs per cubic foot  

c aA airplane -le of a t tack (measured with  respect  to  the 
airplane  center  l ine),  degrees 

The Douglas D-59-11 airplanes have  sweptback wing and t a i l  
surfaces and  were designed for  combination turbojet and rocket power 
plants. The airplane  being used in the  present  investigation (BuAero 
No. 37974) does not yet  have the  rocket  engine  installed. This airplane 
is  powered only by a J-34-WE-@ turbojet  engine which exhausts ou t  of 
the bottom of the  fuselage between the wing and tail. Both s l a t s  and 
s ta l l   cont ro l  vanes are  incorporated on the w i n g  of the  atrplane. The 
w i n g  slats can be locked in  the  closed  position o r  they  can be unlocked. 
When the   s la t s   a re  unlocked, the slat posit ion is a function of the . 
angle of attack of  the  airplane. The airplane is  equipped with an 
adjustable  stabil izer.  Photographs of the airplane are shown i n  
figures 1 and 2 and a three-view  drawing-1s shown in   f igure  3. A 
drawing of the wing section showing the wing s l a t  in the  closed and 
extended positions is given in   f igure 4. Pertinent  airplane dimensions . and characterist ics are l i s t e d   i n   t a b l e  I. . 

- INSTRUMENTATION AND ACCURACY 

Standard NACA instruments  are  installed  in the  airplane  to measure 
the  following  quantities: 

Airspeed 
Altitude 
Elevator and aileron wheel force 
Rudder pedal  force 
Normal, longitudinal, and transverse  acceleration a t  the I 

Normal, longitudinal, and transverse  acceleration a t  the t a i l  
Pitching,  rolling, and yawing velocit ies 
Airplane angle of  at tack 
Stabilizer,  elevator, +dder, aileron, and slat positions 

center of gravity of the  airplane 

Strain-gage  bridges f o r  the measurement of wing and ta i l  loads  
1 are   instal led on the  airplane  structure  at  a s ta t ion  6 inches f r o m  the 

airplane  center  l ihe on both  sides of the  horizontal tail and a t  a 
s ta t ion  33 inches from the  airplane  center line on t h e   l e f t  and right 
wings. A schematic d r a w i n g  showing the wing and ho r i zon ta l   t a i l  - 

i 
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strain-gage  locations i s  given in   f igure 5.  The loads  presented In 
t h i s  paper  are aerodynamic loads and were obtained  fromthe  strain- 
gage measurements (structure load) by correcting  for  the  fne&ia 
effects .  

A free-swiveling-airspeed head w a s  used t o  measure both  s ta t ic  
and t o t a l  pressures. !t'his airspeed head was mounted on a boom 
approximately 7 fee t  forward  of the nose of  the  airplane. The vane 
which w a s  used t o  measure angle of attack w a s  mounted  below the same 
boom approximately fee t  forward  of the nose  of the  airplane. 

2 

The airspeed system was cal ibrated  for   posi t ion  error  by making 
tower passes a t  Mach  nwxibers from 0.30 t o  0.70 and a t  the normal-force 
coeff ic ients   for   level   f l ight .  The free-swiveling-airspeed head used 
on the  airplane was calibrated i n  a w i n d  tunnel for  instrument  error 
a t  Mach numbers  up t o  0.85. Tests  of similar nose boom instal la t ions 
indicate  that-the  poBition  error does not vary wfth Mach  number a t  
Mach numbers up t o  0.90. By conibining the  constant  position  error of 
the  fuselage w i t h  the error  due to  the  airspeed head the  calibration 
was extended to a Mach  number of  0.85. For the data presented  in t h i s  
paper a t  Mach numbers  above 0.85 and at Mach nunbers below 0.30, the 
calibration was extrapolated.  In  addition, this calibration was used 
throughout the normal-force-coefficient ran@;e covered i n  this paper. 

The angle-of-attack vane was not cal ibrated  for   posi t ion  error   in  
flight; however, the  estimated  errors in angle  of  attack due t o  position 
error, boom bending, and pitching  velocity were small. No corrections 
have'been made t o  the  values of angle of attack  presented i n  this paper. 

The estimated  accuraciee  of  the measured quant i t ies   per t inent   to  
this paper are as ,follows: 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to .  01 

n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.02 r g '  
LT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 pounds . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2200 pounds 

CLA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %.'50° 

ESTS, RFSULTS, AND DISCUSSION 

The data  presented were obtained i n  s ta l l  approaches and i n  left 
and right turns of gradually  increasing  acceleration  at  altitudee from 
10,000 to  25,000 fee t  and were obtained  with power on. Data are  
presented fo r  the  flaps-up and  flaps-down conditions for both  the 
slats-locked and slats-unlocked  configurations. The data  are  presented 
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as  nomal-force  coefficients based on the t o t a l  wing area. The wing 
and t a i l  normal-force  coefficLents were obtained from measurements of 
the loads  near the root  s ta t ions of  the  whg and t a i l  a8 indicated in 
figure 5.  !The Fuselage  normal-force coefficient was determined by 
subtracting the w i n g  and t a i l  normal-force coefficients from the t o t a l  
airplane normal-force coefficient. 

Low normal-force coefficients.- The division of the aerodynamic 
load among the wing, fuselage, and hor izonta l   t a i l   fo r   the  D - 5 5 8 - I I  
airplane is  shown i n  figure 6 for  several Mach nmbers and at airplane 
normal-force coeff ic ients   less  than 0.70. Data are  presented  for  the 
flaps-up  configuratiqn and with slats locked and unlocked. In the 
slats-unlocked  configuration,  the slats progressively open w i t h  an 
increase in airplane  normal-force  coefficient.  Slat  position has no 
apparent  effect on the  division of aemaynaslic load among the airplane 
components. 

The slopes o f  the component load curves, ~CN/~CN, ,  are  presented 
i n  figure 7 f o r  the wing, fuselage, and t a f l   a t  Mach mnibers from 0.37 
to 0.87. These slopes were determined for'each  individual run for   the 
normal-force-coefficient range below 0.70. It msy be seen in figure 7 
that the contribution o f  the wing to t he   t o t a l  airplane normal-force 
coefficient i s  approximately  constant ,for the Mach  nuniber range  covered 
in  these  investigations. The horizontal-tail  contribution varies some- 
w h a t  with Mach  number because of  the rearward movement of the wing- 
fuselage aerodynamic center with Mich  nuniber (reference 2). In addftion, 
the component of lift carried by the   hor izonta l   t a i l  will change s l igh t ly  
w i t h  changes in airplane  center of  gravity. The contrfbution of the 
fuselage changes slightly wlth Mach  number t o  compensate for   the change 
i n  the t a i l  component w i t h  Mach nunber. 

Comparison of the slope8 of the experimental component load  curyes 
a t  l o w  Mach numbers w i t h  theoretical  values obtained from the Weissinger . 
method f o r  swept w i n g s  (reference 6) were obtained. The Weissinger 
method does not  include amy fmelage  effe'cts.  For comparison  purposes, 
the  experimental  data were reduced t o  the wing-fuselage form by adding 
the t a i l  normal force t o  the wing normal force. Although the ta i l  lift 
i s  not ent i re ly   carr ied by the wings, it is f e l t   t h a t  the e m o r   i n  this 
m e t h o d  is not  large enough t o  affect  appreciably  the comparison. The 
value of the wing component normal-force-coefficient  slope  obtafned from 
the experimental  data at the lowest Mach numbers and f o r  low normal- 

force  coefficients is = 0.73 and the fuselage component normal- 
acmw 

%7+F 
* dCNF 

force  coefficient  slope is  = 0.27. The corresponding theoret ical  
dc%+F 
--.I 
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values  based on the assumption that  the  fuselage lift is proportional 

to  the  area of the wing covered by the  fuselage  are = 0.76 and 
dCNW 

dcI%+F 
dCNF 

= 0.24. This comparison indicates   that   for  low Mach numbers  and 
dCNW+F 
for  low normal-force coefficients,  the assumption that the  fuselage 
lift is proportional  to  the  area of the w i n g  covered by the  fueelage 
i s  approximately correct. The  same assumption has a lso  been validated 
in  the  investigations of the unswept-wing airplanes of  references 7 and 8. 

HiKh normal-force coefficients.- The division of  a i r  load among 
the components  of the  airplane at hkh   a i rp lane  normal-force 
coefficients i s  shown in  f igures  8 t o  11. -These data were obtained 
i n  1 g stall  approaches with  the  exception  of  the  data of figure 8 
which  were obtained i n  a low-speed turn of gradually  increasing 
acceleration. The  component normal-force coefficients  for  the 
airplane  with  the w i n g  f laps up and the wing s l a t s  locked  closed 
are shown in   f i gu re  8. Shown in  f igure  8(a)  are  the  variations  of 
the component normal-force coefficients  with  the  airplane angle of 
attack. It may be  seen in   f igure  8(a)   that  the component of normal 
force due to   the wing increases  with  angle of attack up t o  an angle 
of attack of approxlmately 1l0 and then remains relatively  constant 
at angles of attack up t o  27O. The t a i l  component increases somewhat 
up t o  an airplane  angle of at tack of approxhately 11' and then 
decreases  slightly between angles of at tack of 1l0 and 14'. A t  angles 
of attack between 14O and 270 the t a i l  component increases once more. 
The fuselage component increases  with  angle of attack up t o  an angle 
of attack of 22' and then from an angle  of attack of 2 2 O  to  27' the 
fuselage component is approximately  constant. The data  are shown i n  
figure 8(b)  as  variationa of the component normal-force coefficients 
with  airplane normal-force coefficient. The component normal-force 
coefficients  shorn  as dashed lines in   f igure  8(b)  were obtained frm 
the  data of  figure 6 .  It may be  8een f r o m  figures 8(a) and 8(b) tha t  
the  increase  in  airplane normal-force coefficient above an angle of  
attack of 11' i s  caused  mostly by the  contribution of normal force due 
to  the  fuselage. 

The  component normal-force coefficients  for  the  airplane  with  the 
wing flaps up and the wing s l a t s  unlocked are  shown in  f igure 9. The 
variations of the component normal-force coefficiente,  airplane normal- 
force  coefficient and wing slat   posi t ion with angle of  at tack  are shown 
i n  figure g(a)  and the variationa of the component normal-force 
coefficients  with  airplane normal-force coefficient are shown i n  
figure g(b). It may be  seen i n  figure  g(a) that the wing  component 
normal-force coefficient  increases  with  angle of  at tack up to an angle 
of  about 21'. The  wing  component then  decreases  slightly and remaLns 
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approximately  constant  up  to an angle  of  attack  of 37O. The  tail 
component  increases somewhat at  angles of attack  up to about 12'. 

16O the  tail  component  increases with q l e  of attack.  The  component 
of normal force  due, to the  fiselage  generally  increases  throughout  the 
angle-of-attack  range  causing  the  airplane  normal-force  coefficient to 
increase-  even  though  the wtng normal-force  coefficient has reached a 
maxFmum. 

.- Between 12' and 16O the  tail  component  decreases  slightly and above 

The  component  normal-force  coefficients  for  the  flaps-down,  slats- 
locked  configuratlon  are  shown in figure 10. It my be seen in 
figure 10( a) that the  wing  component  reaches a maxirmmr value  at an 
angle  of  attack  of  about 11'. The wing normal-force  coefficient  then 
decreases  somewhat and remains  relatively  conetant  from an angle  of 
attack  of 16O up to an angle  of  attack  of 32'. As the  angle of attack 
increases  from 32O to 360 there  appears to be an increase in the wing 
component  normal-force  coefficient.  The  tail  component  increases  with 
angle  of  attack  at  angles  up to about 8O and then decreases very 
slightly  between angles of  attack of 8O and 18'. Above an angle of 
attack  of  about 18O the t&l normal-force  coefficient  increases with 
further  increase in the  airplane  angle  of  attack.  The  component  due to 
the  fuselage  generally  increases  throughout  the  angle-of-attack range. 
The.component  normal-force  coefficients  =e  shown in figure 10(b) as a 

- flznction  of  airplane  normal-force  coefficient. 

The  component  normal-force  coefficients  for  the  airplane with the 
wing  flaps  down  and  the  wing  slate  unlocked  are shown in figure 11. 
The  variations  of  the  component  normal-force  coefficients,  airplane 
normal-force  coefficient, and slat  position  with  angle of attack  are 
shown  in  figure ll(a). Shown in figure ll(b) are  the  variations  of 
the  component  normal-force  coefficients  with  airplane  normal-force 
coefficient.  The wing component  increases  with  angle  of  attack  up to 
ag angle  of  about 21O. The w i n g  component  then  decreases  somewhat and 
then  remains  constant at angles of attack  up  to 38'. The tail component 
of  the  normal-force  coefficient ixreases slightly  with  angle  of  attack 
up to an angle of  about 14'. The tail component  decreases  slightly 
between  an  angle  of  attack  of 14' and 21' and  above an angle  of  attack 
of 21° the  tail  component  increases  somewhat with further  increases in 
angle  of  attack. The component  of  the  normal-force  coefficient  due to 
the  Rzselage  generally  increases  throughout  the  angle-of-attack  range. 

- 

m e  data of figures 8 to 11 m e  shown in figures 12 to 15 as  values 
of the  normal-force  coefficient of the  component  divided  by  airplane 
normal-force  coefficient. 

- From the data of figures 8 to 11 it is  indicated  that,  for  the 
flaps  up  or  down,  the w i n g  reaches its maxirmzm normal-force  coefficient 
a t  a n  angle of attack of about 1l0 for  the  slats-locked  configuration 

I 

" 
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and a t  an angle of  attack of  about 21' for  the  slats-unlocked  configu- 
raticjn, and that   the  w i n g  has a relatively  flat-topped  normal-force- 
coefficient  curve. In the  present  tests no clearly  defined  values 
of the maximum normal-force coefficients  for  the complete airplane 
were obtained a t  angles  of attack up t o  bo fo r  e i ther  the flaps-.up 
or  flaps-down configurations. It may be seen i n  figures 8 t o  15 that 
the  increase  in  airplane normal-force coefficient beyond the angle of 
a t t ack   a t  which the w i n g  reaches its maximum normal-force coefficient 
i s  mostly due t o  the contribution of the fuselage to  the  airplane 
normal-force coefficient. In some cases, a t  the  highest  angles  of 
attack, the fuselage component of the airplane normal force i a  almost 
as great as the w i n g  component. As would be  expected, the  contribution 
of the  horizontal   ta i l   to   the airplane normal-force coefficient is mall 
throughout  the  angle-of-attack range. 

MeaBUreIUentS of  the  distribution of the aerodynamic load among the 
w i n g ,  fuselage, and horizontal tail of the Douglas D-59-11 airplane at 
Mach  numbera up t o  0.87 have indicated the following results: 

1. A t  normal-force coefficients less than 0.70, the  distribution 
of  the air load among the w i n g ,  fuselage, and horizontal t a i l  does not 
change appreciably w i t h  Mach nuniber for  Mach nunibere up to 0.87. 

2. The increaee in the  airplane normal-force coefficient above the 
angle  of  attack a t  which theawing reaches i ts  mcwdmum normal-force 
coefficient for all flight configurations, ier due principally  to  the 
contribution of the ftzselage t o  the  a i rplane  nom-force  coeff ic ient .  

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, Va .  

. 
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TABLE 1 

DIbENSIONS AND CHARACTERISTICS OF TBE 

NACA RM ~ 5 0 ~ 1 3  

Wing: 
Root a i r fo i l   sec t ion  (normal t o  0.30 chord) . . . . . . .  mACA 63-010 
Tip a i r fo i l   sec t ion  (no- t o  0.30 chord) . . . . . . .  NACA 631-012 
Total area. sq f't . . . . . . . . . . . . . . . . . . . . . .  175.0 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
Mean a e r o m c  chord. i n  . . . . . . . . . . . . . . . . . .  87.301 
R o o t  chard (parallel t o  plane of symmetry). i n  . . . . . . . .  108.508 
Tip chord (parallel to plane of symmetry). in . . . . . . . .  61.180 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.565 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.570 
Sweep a t  0.30 chord.  deg . . . . . . . . . . . . . . . . . .  35.0 
Incidence at fuselage center line. deg . . . . . . . . . . . .  300 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  -3.0 
hametr ic  twist. deg . . . . . . . . . . . . . .  .- . . . . . . .  0 
Total   ai leron  area (& of hinge). sq ft . . . . . . . . . .  9.8 
A i l e r o n  travel  (each). deg . . . . . . . . . . . . . . . . .  5 5  
~ o t a l  f lap  area. sq ft . . . . . . . . . . . . . . . . . . .  12.58 
Flap travel. deg . . . . . . . . . . . . . . . . . . . . . .  50 

Horizontal tail: 
Root a i r fo i l   sec t ion  (normal t o  0.30 chord) 
Tip a i r f o i l   s e c t i o n   ( n o m 1   t o  0.30 chord) 
Area (including fwelage). sq f ' t  . . . . .  
S~&11.in . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. i n  . . . . . . . . .  

' Root chord (parallel t o  plane of symmetry) 
T i p  chord (parallel t o  plane of symmetry) . 
Taper r a t i o  . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . .  
Sweep at 0.30 chord line. deg . . . . . . .  
Elevator  area. sq ft . . . . . . . . . . .  
Up. deg . . . . . . . . . . . . . . . . .  
Down. de@; . . . . . . . . . . . . . . . .  

Dihedral. deg . . . . . . . . . . . . . . .  
Elevator t r ave l  

. . . . . . .  NACA 63-010 . . . . . . .  NACA 63410 . . . . . . . . .  39.9 . . . . . . . . .  143.6 . . . . . . . . .  41.75 . . . . . . . . .  53.6 . . . . . . . . .  26.8 . . . . . . . . .  0.50 . . . . . . . . .  3.59 . . . . . . . . .  40.0 . . . . . . . . .  0 . . . . . . . . .  9.4 

. . . . . . . . .  . . . . . . . . .  25 
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Vert ical  tai l :  
Airfoi l   sect ion (parallel t o  fuselage  center line). . , . 
A 1 I . e a , ~ ~ f t . . . . . . . . . . . . . . . . . . ~ ~ . ~ .  

Root chord (para l le l  to fuselage  center line), in. . , . Height from fuselage center line, in. . . . . . . . . . .  
Tip  chord (parallel t o  f'welage center line), in. . . . .  
Sweep angle at 0.30 chord, deg . . . . . . . . . . . . .  

'Rudder  area (aft of hinge IFne), sq f ' t  . . . . . . . . .  
Rudder travel, deg . . . . . . . . . . . . . . . . . . .  

WCA . .  
0 .  . .  . .  
0 .  . .  . .  

63410 
36.6 
98.0 
146.0 
44.0 
49.0 
6.15 
-5 

Fusdage : 
Length,f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
Maxhum dianeter, in. . . . . . . . . . . . . . . . . . . . .  60.0 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Speed-retaxder area, sq ft . . . . . . . . . . . . . . . . .  5.25 - 

power p h n t  . . . . . . . . . . . . . . . . . . . . . . . .  ~-34"WElco 

Airplane weight ( ful l  fuel) ,  lb . . . . . . . . . . . . . . . .  10,645 
Airplane weight no fue l ) ,  lb . . . . . . . . . . . . . . . . .  9,085 
Airplane weight ful l  fuel and 2 ja tos)  . lb . . . . . . . . . .  11,060 

2 ja tos  f o r  take+ff 

* 

Cente-f-gravity locations: 
N 1  fue l  gear down), percent meam aerodynamic chord . . . .  25.3 

No fue l  (gear down), percent mean aerodynamic  chord . . . . .  26.8 
No fuel  (gear up), percent mean aeroaynamic chord . . . . . .  27.5 

N l  fue l  I gear up), percent mean aerodynamic chord . . . . .  25.8 

N l  fue l  and 2 ja tos  (gear down), percent 
manaerodynamicchard . . . . . . . . . . . . . . . . . .  29.2 
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Figure 3. - --dew draw- of the Douglas D-558-11 ( B u r 0  No. 37974) 
research airplane. 
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. 

Figure 4. - Section of wing slat of Douglas D-558-11 (BuAero No. 37974) 
research airplane perpendicular to leading edge of wing. 
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I Sheaf and Bendhg-Momen f Gages 

Figure 5 .- Locatlone of s t m l n  gages on the Dauglas D-598-11 
(BuAero RI . 37974) reeearch airplane. 



20 NACA RM ~ 5 0 ~ 1 3  
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0 ./ 2 .3 .4 .5 .6 .7 .6 

Airplane Norma/ force Coefficient; CjyA 

Figure 6.- Variations  of wing, fuselage, and horizontal tail normal-force 
coefficient  with  airplane normal-force coefficfent f o r  values of  air- 
plane normal-force coefficient less than 0.70; Douglas D - 5 g - 1 1  
research airplane. 
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Mach Numbeq M 

Figure 7. - Variation with Mach number of dCN d6NA of the wing, fuselage, 

and horizontal  t a i l  for values of airplane normal-force  coefficient 
less than 0.7; Douglas D-558-II research airplane. 
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. 

(a) Variations of component normal-force coefficients and airplane normal- 
force  coefficient wi th  airplane angle of a t tack  f o r  a low-speed turn.  

Figure 8.- Flaps up; slats locked; Douglas D-558-11 research  airplane. 
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(b) Variations of component normal-force coefficients with airplane normal- 
force  coefficient for a low-speed t u r n .  

Figure 8.- Concluded. 



24 NACA RM ~ 5 0 ~ 1 3  

0 4 8 12 16 20 24 28 32 36 40 
Ahp'ane h y l e  o f  Anack, wA, deqr-ees 

(a) Variations of component normal-force coefficients,  airplane normal- 
force coefficient, and slat position  with  airplane  angle of attack 
for  a 1g approach to stall. 

Figure 9.- Flaps up; slats unlocked; Douglas D-558-11 research airplane.  
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(b) Variations of companent normal-force coeffic€ents  with  airplane normal- 
force coefficient for  a Ig approach to  stall. 

Figure 9.- Concluded. 



26 NACA RM ~ 5 0 ~ 1 3  

. 

(a) Variations o f  component normal-force coefficients and airplane normal- 
force  coefficient  with  airplane  angle of attack for  a l g  approach t o  
6 ta l l .  

Figure 10.- Flaps down; slats locked; Douglas D-558-11 research  airplane. 
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(b) Variations of component  normal-force  coefficients wfth airpLane normal- 
force  coefficient fox a lg appmach to a t a l l .  

F1g.m 10.- Concluded. 
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' L  0 4 8 /Z /6 20 24 28 32 36 40 
& p h e  Angle of A#ack, s, degrees 

- 
(a) Variations o f  component normal-force  coefficients,  airplane normal- 

force  coefficient, and slat position  with  airplane  angle o f  at tack 
f o r  a lg approach to s ta l l .  

Figure 11.- Flaps down; slats unlocked; Douglas D-558-11 research. airplane. 
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(a) variations o f  compnent n o M - f o r c e  coefficients w i t h  airplane n o m -  
force coefficient for a .lg approach ta stall .  

Figure 11. - Concluded. 
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Figure 12.- Variations of C ~ l C r n ,  of the wing, fuselage, and horizontal 
tall with airplane  angle of attack for a low-speed turn. Flaps up; 
slats locked; Douglas D-5T8-11 research airplane. 
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Alrplane Angk o f  Mack, &A, deyrees 

Figure 13.- Variations of C!N CJQ o f  the w i n g ,  fuselage, and horizontal  
tail with airplane angle of attack for a 1 g approach to s-kdJ.. Flaps 
up; d8ts unlocked; DaugLaa D-558-11 research airplane. 
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Figure 14.- Variations of CN C 4  of the w i n g ,  fuselage, and horizontal 
t a i l  with airplane angle of attack for  a lg appmach ix stall. Flaps 
down; slats locked; Douglas D-558-11 research airplane. 
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Figure 15.- Variations of cN/cNA of the wbg, fuselage, and br izonta l  
tail with  airplane angle of attack for a lg approach .to stall. Flaps W 

dmm; slats  unlocked; Douglas D-598-11 research airplane. 
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